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Abstract
Noroviruses constitute an important cause of acute gastroenter-
itis, mainly in semi-closed populations such as hospitals, hotels
and cruise ships. This study records the most important noro-
virus outbreak in the Dominican Republic in a single resort, with
more than 800 people being affected in a 15-day period. Analysis
of clinical and environmental samples demonstrated that norovi-
rus was the aetiological agent responsible for the outbreak.
Although enhanced hygiene and disinfection measures were
achieved, the outbreak was only controlled after suspension of
entry into the resort.
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Noroviruses have become the leading cause of viral gastro-
enteritis, with a special ability to cause epidemic outbreaks in
closed or semi-closed communities such as hospitals, nursing
homes, cruise ships and hotels [1–3]. This is because they
are transmitted very efﬁciently among people in these set-
tings. Also known as ‘gastric ﬂu’, the disease caused by noro-
viruses shows similar winter seasonality [4,5]. However,
despite this, norovirus outbreaks have been described in the
Caribbean in recent years [6,7].
One ongoing gastroenteritis outbreak was reported in
August 2007 in the Dominican Republic. The consequent
investigation associated the outbreak with a single tourist
resort located in the north of the country, with more than
800 people being affected in 15 days. The outbreak started
on 29 July 2007, with seven people being affected by diar-
rhoea and vomiting on the ﬁrst day. Acute gastroenteritis
was diagnosed, and suspicious food and potable water were
analysed for bacterial pathogens, with negative results both
at the beginning of and throughout the outbreak. Despite
this, high-risk foods, including salads and seafood, were
removed from the menu, and recreational and potable water
were hyperchlorinated at 20 and 5 mg/L, respectively. In the
following days, the number of clients affected by similar
symptoms sharply increased, with dozens of new cases daily,
causing episodes of explosive vomiting in public areas, includ-
ing the lobby and even the restaurants. Seven employees
with direct contact with clients, or responsibility for cleaning
of common areas, were also affected by diarrhoea. Stool
samples were analysed, but no bacteria or parasites were
detected. Viral gastroenteritis was suspected, and important
measures were implemented, including: cleaning and disinfec-
tion of kitchens, public toilets and the medical ofﬁce with
Megacide (PQI, Santo Domingo, Dominican Republic) nebuli-
zation; application of 1000 mg/L of free chlorine to hard sur-
faces; use of disposable paper towels and public toilet
cleaning and disinfection after each use; mandatory hand-
washing prior to entry to the restaurant areas; and elimina-
tion of self-service in the buffet areas. However, new cases
with a similar clinical picture continuously arose, with main
peaks accounting for more than 100 cases each on 3 and 6
August. The ﬁrst one appeared 2 days after the entry into
the resort of an important number of tourists, who may
have become a new susceptible population and/or a new
source of norovirus introduction (see later). The second one
was characterized by teenagers and children belonging to the
same family group, sharing rooms and/or activities with pre-
viously affected adults. New entries into the resort were
ﬁnally cancelled on 7 August, and the number of cases drasti-
cally decreased. The last case was reported on 12 August.
In the meantime, additional stool samples were obtained
for norovirus detection. Analyses were performed by the
Caribbean Epidemiology Centre in Trinidad and Tobago, and
three of the four samples were reported to be positive. Envi-
ronmental samples, including water and surfaces, were also
tested for norovirus (Fig. 1). Water was collected from pipes
and tanks, swimming pools, a sewage treatment plant and
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mangles surrounding the resort, and examined by PCR as
described elsewhere [7]. Noroviruses were detected in both
waste water and mangles, indicating that waste water treat-
ment was inefﬁcient, and norovirus particles were therefore
being liberated to the mangles and, subsequently, to the sea.
Surface samples were collected from patients’ rooms by
swabbing surfaces that were frequently touched, such as like
toilet ﬂushers, taps, door handles, phones and television
remote control keys. Samples were frozen until their recep-
tion at the laboratory; RNA was extracted with the QIAamp
Viral RNA Mini kit (Qiagen, Hilden, Germany), and processed
as described in [7]. The results indicated that norovirus parti-
cles were present on two of the 14 analysed surfaces (Fig. 1).
Amplicons were sequenced, and the ﬁndings were compared
with stool sample results, conﬁrming that genogroup II noro-
virus was present in stool and environmental samples. The
detected strain belonged to the GIIb genetic cluster [8].
Rapid and urgent ﬁeldwork was critical for public health
reasons. The huge amount of people affected and the charac-
teristics of the large resort made epidemiological data compi-
lation difﬁcult. The analytical results clearly demonstrated
that norovirus was the aetiological agent responsible for the
outbreak. However, the source of viral introduction into the
resort remains unknown. Yet, as microbiological contamina-
tion from food and water was ruled out, the most possible
scenario is that one ill person introduced the norovirus.
Probably, virus was ﬁrst disseminated through the air, as a
result of vomiting, or through fomites contaminated with
diarrhoeic material, and subsequently transmitted from
contaminated surfaces in common areas or even in the medi-
cal ofﬁce. Airborne and environmental transmission is well
established in hotel outbreaks [9–13]. The evidence for
norovirus presence in the environment come from surface
analysis. Water transmission of norovirus in outbreaks is
well documented [14,15]. However, it is unlikely that water
was responsible for secondary transmission inside the resort,
as hyperchlorination was performed in the early days and
high disinfectant levels were maintained during the course of
the outbreak. Nevertheless, mangle water and sea water
may have become an additional source of infection, as viral
particles were present. On the other hand, it should be
pointed out that the same aeroplane was used for transport
of some tourists to and from the Dominican Republic on dif-
ferent dates. Also, one case of severe gastroenteritis was
described and ﬁnally diagnosed as being caused by norovirus
on the ﬁrst returning ﬂight. Moreover, the main peak of the
outbreak appeared precisely 2 days after the arrival of an
important group of tourist who travelled on that ﬂight. Alto-
gether, these facts suggest the possibility that noroviruses
were present on the aeroplane, acting as a new point for
passenger infection, as previously noted [16,17].
To summarize, in this article we report the largest norovi-
rus outbreak associated with a single tourist resort located
in the Dominican Republic. Although interventions to eradi-
cate secondary sources of infection and preventive measures
to avoid person-to-person transmission were important, in
this case they were shown to be insufﬁcient by themselves
[18], and suspension of new entries was necessary for the
outbreak to be ﬁnally controlled.
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